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On potential causes of presbyopia
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The recent paper by Glasser and Campbell (1998)
raises many issues which cannot be addressed in detail
in a brief communication: they are classed for conve-
nience under the headings of (a) past work; (b) present
experimental arrangements; and (c) interpretation of
results.
(a) The question is raised of whether or not presby-
opia is mono- or multifactorial, and it is asserted that
no one has offered any valid evidence in support of the
latter alternative, while the authors espouse the former.
It has been stated that decapsulated lenses have a
higher power than capsulated ones (Weale, 1962), thus
focusing for the first time on the balance between the
elasticities of the lens matrix and capsule, respectively.
Age-related changes in these properties alone (Fisher
1969a,b, 1971) would justify the notion of multifactori-
ality in the genesis of presbyopia. But geometric factors
had also been mentioned. Fisher (1969b) addressed the
problem of the lenticular shape factor, and, more re-
cently, Pierscionek and Weale (1995) showed that 8–
10% of the age-related loss of accommodation can be
attributed to lenticular growth. In addition, several
studies have suggested that the ciliary muscle undergoes
significant age-related changes (Fuchs, 1928; Stieve,
1949; Van der Zypen, 1970), and that the insertion of
the iris root may play a role in the development of
presbyopia (Weale, 1992). Whether these phenomena
are linked causally to mechanical lenticular changes is a
chicken-and-egg situation which is waiting for a
solution.
It is also arguable whether the boot is not on the
other foot when the question of human lenticular scle-
rosis is discussed: no one has produced any evidence in
favour of its occurrence. Granted that some hardening
occurs: but this is relative, especially when one com-
pares it with really hard material such as piscine lenses
which cannot be cut with a scalpel. Relevant biochemi-
cal aspects, such as the age-related constancy of the
human lenticular water content (Weale, 1992), have to
be borne in mind as they are not necessarily consistent
with the view that the age-related changes in mechani-
cal properties are due to morbid sclerosis.
(b) The experimental arrangement described by the
authors is puzzling. At least four studies have shown
that the business of accommodation occurs at the ante-
rior lenticular surface. Fincham (1925) and Brown
(1973) used photography to elucidate this point in vivo,
and Pierscionek (1993, 1995) a stretching apparatus,
intermediate in its date of construction to that of Fisher
(1977) and of Glasser and Campbell (1998). Inspite of
this the Canadian arrangement is so designed as to
obscure the profile of the anterior surface when its
visibility might have aided the visualization of the
convergence of the rays. The set-up may well be due to
the fact that the preparation is unlikely to be buoyed up
in an aqueous solution (Pierscionek, 1993; private com-
munication), an observation to be expected in view of
the specific density of the human lens being greater
than unity throughout life (Weale, 1963). The authors’
guess that ‘the relatively small gravitational effect on
the lens in solution would be unlikely to introduce any
significant sag or lens tilt’ could have been, but was not,
put to the test.
The authors’ use of lenses up to 5 days post mortem
is noteworthy in view of the fact that the largest
dioptric changes occur within a few hours after death
(Weale, 1983), and, after more than 8 h post mortem,
lysis of the ciliary system will have set in (Fisher, 1977;
Pierscionek, 1993), and render stretching experiments
questionable. Fisher is quite specific on this point: is the
intactness of the zonule mentioned by the authors
meant to imply that he was wrong, or is it an insuffi-
cient guarantee that the zonule may not be stretched
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beyond the limits of Hooke’s Law? Moreover, the
authors failed to provide information on the conditions
of transport between hospital and laboratory, and nota-
bly on temperature conditions. Their observation that
the appearance of at least one of their lenses improved
with time provides a clue if to nothing else than to their
unfamiliarity with the phenomenon of cold cataracts.
(c) The authors’ use of statistics and consequential
interpretation of their results is also debatable. They
used 27 lenses, 20 of which were pairs. They neverthe-
less calculated regressions and correlation coeffcients as
though none of the results had been paired. Push-but-
ton statistics is unfamiliar with partial correlations: in
the absence of a suitable program, they need to be
calculated. In the present case their application will
almost certainly lead to a reduction in the statistical
significance of the results.
Misleading conclusions are drawn from Figs. 4b and
c. It is noteworthy that no significance value is given for
the two regressions shown in the former, and the reason
is clear: neither regression differs significantly from
zero. This point will be returned to below. In connec-
tion with Fig. 4c it is alleged, but not demonstrated,
that the intercept is close to zero. On the contrary, as
they stand, the data are likely to show that the intercept
differs from zero on a statistically significant basis with
the tentative implication that the unstretched focal
length is greater than the relaxed one, and that either
the capsule or the zonule (or both) could have suffered
irreversible stretching. This argument is unaffected by
the fact that, fortunately, no very young lens was
available for experimentation.
The data in Fig. 4b are arbitrarily divided at the age
of 50 years, inspite of the fact that discontinuities are
biological rarities. The non-significance of the regres-
sions notwithstanding, they are shown to intersect at
58.32 years, i.e. with an accuracy of 3.6525 days. When
the division of the data is eschewed, the change in focal
length can be shown to vary with a statistically non-sig-
nificant slope of 0.052 mm p.a. This is to say, the focal
length of stretched lenses, like that of unstretched ones
(Weale, 1983, 1992) is, after infancy, independent of
age. If these conclusions are valid then they throw
doubt also on the validity of the numerical manipula-
tions underlying the curves shown in Fig. 5a and b, the
latter of which displays, in any case, an apparently
unresolvable confusion between the focal length and its
changes. Thus the inadequate description of the experi-
mental technique and the treatment of the results leave
one wondering what has been added to knowledge
previously gained with this type of work.
It is doubtful whether an approach on stretching
excised lenses can provide a decisive answer. Brown
had the right idea by photographing the living lens.
Unfortunately he used only four subjects, some of
whom suffered demonstrably from accommodative in-
sufficiency (Weale, 1992), or else were unable to come
to terms with the binocular fixation system provided.
The experiments reported by Glasser and Campbell are
indubitably difficult, and there is understandably no
information on how the lenses performed in vivo. But,
to serve as a touchstone for a variety of hypotheses, the
authors’ stretching data have to be freed from inherent
inaccuracies and errors, and compared with data far
superior to the early pioneering results due to Duane.
Care has to be exercised, in general, in the selection
of data on presbyopia used to test hypotheses. For
example, the authors compare their lenticular data ob-
tained with red light with Duane’s oldest, and often
criticized, work, obtained with white light, but overlook
the fact that Bru¨ckner, Blatschelet and Hugenschmidt
(1987) reported small but systematic differences for
accommodation measured with each of these stimuli in
turn. The authors also apply a blanket correction for
the depth of focus, because, since time immemorial, it
has been used to explain the final dioptre of accommo-
dation in Duane’s study. It does not follow that the
same value is applicable at all ages (Weale, 1992).
The authors rightly say that ‘further experimental
work is necessary to dispel many of the incorrect no-
tions about the development of presbyopia’; it is, how-
ever, incumbent upon us to ensure that the experiments
are relevant to the task they have in mind. The first
priority does not involve cheering one hypothesis or
another on its way, but rather so to improve the
accuracy of the requisite optical, mechanical, geometric,
and biophysical data as to reduce the scope for specula-
tion. That stage has yet to be reached.
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